To estimate the mechanism of dynamic in sediment quality relative to eutrophication, we compared several parameters and characterized the sediments in Kagoshima Bay. This study analyzed sedimentary organic matter and acid volatile sulfide (AVS) as possible indicators of eutrophication.
Introduction
Sediments provide the substrate for organisms and through interaction with the overlaying waters (e.g., nutrient cycling) ; play an essential role in the aquatic ecosystem. They are essential and integral part of water systems representing the record of all processes of the water column and the autochthonous and allochthonous organic matter inputs that accumulate at the bottom (Fabiano and Danovaro, 1994) . Hence, the concentration of sedimentary organic matter is an important indicator that can be used in the assessment of marine environmental quality (Fabiano, 1995) . Most studies addressing the assessment of environmental quality of coastal water are based on the N and P concentrations (Vollenweider et al., 1998) , since these substances are closely associated with the levels of sedimentary organic matter concentration.
Coastal eutrophication is a recognized phenomenon (Nixon, 1995) that may result in serious ecological changes such as oxygen reduction and hypoxia. Under anoxic conditions, sulfate-reducing bacteria use the oxygen bound in sulfate ions as electron acceptor thereby reducing the sulfate ion to sulfide (Heijs et al., 1999) . A poisonous gas, hydrogen sulfide that readily dissolves in water is thus formed. No higher life forms can survive in condition containing hydrogen sulfide, and such areas are eventually transformed into oceanic deserts. Environments containing hydrogen sulfide have a negative redox potential and therefore are reducing media that affect availability of other substances essential to life (Postgate, 1984) . The appearance of hydrogen sulfide in an environment is a good indicator of eutrophication and their concentrations in the sediments are able to serve as an important index in evaluating marine environmental quality. Kagoshima Bay is an important resource for both capture and culture-based fisheries in Japan. However, economic development since the 1960s, adversely affected the water quality of the bay manifested by red tide blooms that started appearing in 1977 (Kazuyuki, 1991) . The seriousness of the problem was highlighted by the huge damage to fisheries especially aquaculture, caused by the red tide of Heterosigma akashiwo that occurred in 1995. Despite the legal control of wastewater and aquaculture discharges in preventing pollution, eutrophication still exists as indicated by the recurrence of red tide blooms and the depletion of dissolved oxygen in the bay. The dissolved oxygen concentrations continued to decrease from 1995 to 2000 particularly in the hypolimnion layers of the inner parts of the bay where eutrophic conditions were also observed (Maeda, 2001) .
The aim of this study is to identify indicators to assess environmental quality of Kagoshima Bay on the basis of organic matter and acid volatile sulfide concentrations in the sediments. To achieve this, an extensive study of the inner and the central parts of the bay was conducted.
central areas of the bay. The channel between Sakurajima and Kagoshima City is narrow (1.9 km), with a depth of about 40 m. Its mouth is also narrow (8.7 km) with a depth of about 80 m (Fig. 1) . The bottom topology of Kagoshima Bay presents a shape similar to two conical bowls connected together (Fig. 2) . Due to this condition, replacement of seawater in the bay is very slow, especially in the inner area. The central area is the widest among the three and presents a basin-like topography with the maximum depth of about 230 m. The western half of the inner area has flat bottom topography with a depth of about 140 m while in the northeastern part, there is a depression of about 200 m deep. The boundary between the eastern and western parts of the inner area presents a ladder-like topography deepening eastward from the west.
Sediment samples were collected from 48 stations in July 2001 and 35 stations in August 2002 in both the inner and central areas. These months represented periods of low dissolved oxygen concentrations in the bay during the whole year. Although there were more stations designated in the central area, the bottom topography of the bay makes collection of sediments difficult, which resulted in no samples were collected in some stations.
Sediment samples collected by K.K. core (Kimata et al., 1960 a) sampler were placed in plastic boxes and stored at (AVS) was separated by steam distillation under acidic condition and trapped in 10% zinc acetate solution. Trapped sulfides were determined by spectrophotometric methylene blue method (Truper and Schelegel, 1964) .
Statistical analysis
Pearson correlation was performed to test relationships among environmental parameters, moisture, IL, TOC, TON and AVS. Likewise, their levels at different sediment depths in both the inner and central areas were analyzed using ANOVA. The different between the inner and central area of the bay were analyzed using T-test.
Results

Dissolved oxygen (DO) contents
DO in the water column taken at 5 m above sediments in July 2001 was very much lower in the inner area than in the central area (Fig. 3) . Hypoxia condition occurred in northeast area of the inner area, where the concentrations of DO at many stations were less than 3 mg/l. In the inner area, even in the upper layer of water column, dissolved oxygen of as low as 4 mg/l was observed. In the central area, DO concentrations in most of stations were more than 6 mg/l. DO concentrations about 4.7 to 5.5 mg/l were found in the deep part area in the central area.
2.Sediment water content and porosity There were significant differences in water content and porosity between the inner and the central areas of the bay. However, the deeper stations at 29, 33 and 41 of the central area, had similar levels with most stations of the inner area. There is a similar trend in the depth profile of water content and porosity at the stations both in the inner and central areas ; they decreased significantly with increasing sediment depths (Tables 1 and 2 ). Data collected in August 2002 showed that the highest levels were at the 0-1 cm top sediment layer. 3.Ignition loss, total organic carbon and total organic nitrogen of sediments Ignition loss (IL) in the sediment of Kagoshima Bay was comparatively very high and showed heterogeneous horizontal distribution without appreciably changes over a period of one year ( Fig. 4a and Fig. 4b ). The highest values of IL were observed at the stations of the inner area, while the lowest values were at the stations along the coast of Mt. Sakurajima in the central area. Vertical distribution of IL showed different trend between the inner and central areas. In the inner area, IL of the sediments decreased with increasing sediment depths with highest values at the top 0-1 cm layer (Fig. 4 a) . On the other hand, there was not so significant difference between the sediment layers in the central area.
Sedimentary total organic carbon (TOC) in the bay showed a broad range from 0.2% to 2.3% (Fig.5) . The mean values of TOC at the top 0-1 cm sediment layer were similar between the inner and central areas (1.080/6 and 1.17%, respectively).
Total organic nitrogen (TON) in sediments of Kagoshima Bay (Fig. 6 ) ranged from 0.04% to 0.22% and showed similar trend with IL and TOC (Fig. 4b) . The high TON values were observed in the stations at 1, 2, 10, and 11 of the inner area and in the stations at 29, 33, and 41 of the central area. The lowest TON concentrations (0.05%) were in the stations at 15 and 18 along the coast of Mt. Sakurajima. TON value at the top 0-1 cm was slightly higher in the inner area than that of in the central area. (NS-no samples collected)
Vertical distributions of IL, TOC and TON showed different trends between the inner and central areas. In the inner area, vertical distribution analysis showed decreasing concentrations of IL, TOC and TON with increasing sediment depths in the inner parts of the bay. On the other hand, no marked differences among sediment depths in concentrations of these parameters were observed in the central area. Although mean values of AVS in the inner area were higher than those in the central area, the vertical distribution profiles of AVS were similar between both the inner and central areas (Fig. 8) . Highest AVS concentrations were observed at the 2-3 cm layer and gradually decreased in the deeper layers. 5.Relationship among water content, IL, TOC, TON and AVS There is significant correlation between the water content with IL, TOC and TON. IL is also correlated well with TOC and TON. TOC and TON also showed significant correlation with each other. There were positive but weak correlation between AVS and sedimentary organic matter (Table 3) . , 1976 ; Takahashi, 1981) resulting in a high IL, TOC and TON in the inner area would be attributed to aquaculture effluents and discharge from the rivers. The high sedimentation rate in this area can reduce the contact time between organic matter and dissolved oxygen in the water column, and therefore can contribute to higher concentrations of carbon and nutrients in sediments (Enriquez et al, 1993) . In the central area, the bottom topography and the currents northward and southward along the Osumi Peninsula and Satsuma Peninsula, respectively, as well as the counterclockwise current in the northern margin of the central area, may have affected strongly the accumulation of IL in deepest stations 29, 33 and 41. High sedimentation rates in these stations were also reported by Oki (1989) . The data indicated that the vertical distributions of IL, TOC and TON in the inner area decreasing with the increasing sediment depth, while in the deep part of the central area this trend was not observed. Hedges and Keil (1995) reported that organic matter has a high affinity with fine-grained clastic particles. The adsorption process helps to preserve the organic matter (De la Lanza-Espino and Soto, 1999) and give rise to a generally positive correlation between TOC and mud%. In the deep part of the central area, the higher sedimentation rates (Oki, 1989) were reported as well as the high mud content and smaller grain size (Hidaka, unpublished data), which may result in IL, TOC and TON accumulation in deeper sediment layers.
CSIRO Huon Estuary Study Team (2000) reported that the ignition loss method for determine of sediment TOC was not recommended because it can seriously overestimate TOC concentrations.
In this study, however, the strong correlation between TOC and TON with IL in sediments were found. The result suggests that IL can be a good proxy for TOC and TON in sediments under certain conditions. 2. Acid volatile sulfide Anoxic condition usually occurs when biological and chemical demands for oxygen exceeds its supply through the atmospheric diffusion. Under this condition, decomposition of organic matter leads to anaerobic condition causing liberation of sulfide into bottom water.
The concentrations of AVS investigated at the 0-1 cm sediment depth at many stations in the inner area are higher than those values observed in the central area. These results suggest the absence of dissolved oxygen and higher organic loading in the sediments of this area. The dissolved oxygen data observed in this study show the hypoxia condition at many stations in the inner area (Fig.  3) . The correlation between organic loading and benthic oxygen uptake was reported by Omori and Hirano (1994) and the correlation between organic loading and AVS in sediment was reported by Takeoka and Omori (1996) . When the water in the inner area became stagnant, respiration and decomposition activities of microorganisms exceed oxygen production through photosynthesis, as well as by atmospheric diffusion, which resulted in depletion of oxygen. The depletion of oxygen in areas of high organic matter accumulation changes benthic metabolic processes from aerobic to anaerobic decomposition of organic matter (Meyer-Reil and Koster, 2000) , causing liberation of hydrogen sulfide in sediment, which resulted in increasing the AVS concentrations.
The same hypoxia condition may be present in the deep part of the central area as evidenced by high AVS and TOC at the station 41 (August 2002). Otherwise, hypoxia condition may not had happened at the surface top sediment layer at most stations in the central area different from those in the inner area. This suggests that accumulation of organic matter in the surface sediments of deep basin in the inner area would be a result of coupled conditions of hypoxia and the release of AVS. In addition, highest AVS concentrations, exceptional in this study, were observed in a 200-meter deep basin in the northeastern part of the inner area (in the group of stations Al to A8). This could be attributed to the fall out of pyroclastic materials from Mt. Sakurajima and underground emissions through the volcanic vents at the bottom of the bay (Kamada et al., 1977 ; Kagoshima Prefecture Government, 1978) .
Conclusions
The results from this study give us a clear picture of the horizontal and vertical characterization of sediments in Kagoshima Bay in terms of organic matter and acid volatile sulfide distributions. High values of sedimentary organic matter (include IL, TOC and TON) and AVS are observed at many stations in the inner area and in the deep basin in the central area.
Vertical distribution analysis showed decreasing concentrations of IL, TOC and TON with increasing sediment depths in the inner parts of the bay and no marked differences in concentrations of these parameters in the central area. The strong correlation among the levels of sedimentary TOC, TON and IL suggests that IL can be a good proxy for TOC and TON in marine sediments, at least in this particular case. The accumulation of organic matter in the surface sediment of deep basin in the inner area would be a result of coupled conditions of hypoxia and the release of AVS. On the basis of these results, it is possible to conclude that sedimentary organic matter (IL, TOC and TON) and AVS can be considered as useful indicators in assessing the environmental quality of Kagoshima Bay.
